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(57) Abstract 

For the separation of a contaminated floating top layer of oil or oil substances, a continuous laminer flow is created on or 
near the surface, by placing a number of baffles (8, 8') in the path of the flowing liquid (V) as it moves through a tank (1). The 
total amount of liquid flowing through the tank (1) is now adjusted in such a way that the correct control of the upper laminar 
flow (5) and the dominant more turbulent lower flow near the bottom (9) of the tank (1) produces a controllable constant differ- 
ence in height (delta h). This total difference in height (delta h) can also be attained by cascade operation. 
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Method and device for the separation of a contaminated top layer. 

The invention relates to a method for the continuous separation of a floating layer 
5 of light material (upper flow), such as oil or material particles saturated with oil 
and/or covered in oil, with respect to a heavier liquid supporting layer (lower flow), 
such as water, on which the floating layer is situated, by making use of a difference 
in level, to be maintained, between the inflow side located at a higher level in a 
device for the separation, and the discharge side, located at a lower level on the 
10 said device, for the removal of the largely separated supporting material (lower flow), 
and by making use of an overflow unit for the material to be separated (upper flow) 
into the collection chamber for this, whereby the top side of this overflow unit 
extends no further below the common level of the liquids fed in than the minimum 
or more or less stable continuous thickness of the floating layer (upper flow), which 
15 can be removed from the collection chamber using means that are known per se. 
The invention also relates to a device for the application of the aforementioned 
method. 

In connection with the increasing stringency of requirements set by national 
governments with regard to the discharging of waste substances into surface waters, 
20 various methods and devices had already been proposed, all with the purpose of 
purifying the waste water before it is discharged into surface waters. If intolerable 
pollution of surface waters would occur, e.g.. shipping disasters or the like, the 
requirement is also set that the polluter must immediately perform effective cleaning 
measures. 

25 The method has the purpose of bringing about faster treatment and, with regard to 
the attainment of the optimum separation of the material flows (upper and lower 
flows) in the flow range of both of the material flows that are fed in from the said 
inflow side to the overflow unit, for example floating oil and water, it ensures that a 
mainly laminar flow pattern is maintained in one and the same direction of passage 

30 above and below the separation layer (of the upper and lower flow) of the liquids, 
while, up to a considerable distance below the overflow unit, by means of a baffle 
placed perpendicular to the main flow, the flow pattern in the vertical direction (lower 
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flow) is deflected upwards and downwards, parallel to the baffle, at a relatively low 
flow speed, whereby, in downward direction, a small to considerable part of the 
main flow of the supporting material (lower flow) is able to flow away to the 
aforementioned discharge side with a reduced liquid level, through at least one 

5 relatively narrow passage opening, for example, in the form of a round or oval 
opening, or, for example, a passage gap and, furthermore, an increasing thickness 
of the floating layer is maintained behind the overflow unit, with a simultaneous 
choice between controlling the liquid flowing through the device, and/or the amount 
of the floating layer removed from the collection chamber per unit of time and/or the 

10 height of the overflow unit, and/or the size of the passage opening, e.g. of a gap, 
in order to attain the optimum stable flow pattern. 

The active level difference employed by the invention may possibly be spread over 
a number of liquid-level steps, to which end a cascade-overflow system could be 
employed. According to the invention, this occurs because the liquid flows are 
15 carried along two or more baffles with each of the associated overflow units at 
different heights, all arranged in such a manner that the differences in liquid levels 
in front of and behind each baffle are each controled to a stable flow pattern which 
gives rise to this cascade-overflow system. 

When this method is applied on board of a ship and, e.g. a (crude) oil siick has to 
20 be tackled, it may first be necessary to ensure that the oil slick does not sink to the 
sea bottom during bad weather or, e.g., that undesired em ulsifi cation does not 
occur. In those cases it may first be effective to bind the oil (or tar) to a number of 
supporting particles, e.g., plastic-foam particles. In that case, according to the 
invention, the upper floating layer consists of light plastic-foam balls or a similar 
25 material with a relatively large surface area which is adhered to and/or penetrated 
by the material to be separated. 

According to the invention, a device for separating one floating lighter material 
component from a second heavier material component, by making use of the 
method, consists of a passage resen/oir through which flowing liquid passes, which 
30 flowing liquid has an upper flow, in which the lighter material components (oil or 
particles with oil attached to them) are found, floating on the lower flow, and which 
passage resen/oir consists of a channel-shaped tank that, e.g., is open or closed on 
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the top side and is provided with a front wall perpendicular to the direction of flow, 
which is provided with an inlet, as well as a rear wall, likewise perpendicular to the 
direction of the flow, for removal or transfer of the lower flow and, furthermore, 
between the front and rear wail, one or more baffles are mounted, whereby each 
5 baffle that reaches the bottom of the tank is provided with at least one passage 
opening, e.g., comprising a number of round passage openings or, e.g., at least one 
passage gap extending across the tank, and also forms an overflow unit for the layer 
to be separated, one and the other in such a way that the liquid level. of the lower 
flow in the reservoir compartment upstream, of a baffle, differs considerably from the 

10 liquid level of the lower flow in the reservoir compartment downstream, of a baffle. 
Basically, this set-up is intended to maintain a laminar flow pattern within the range 
of the top layers of the upper and lower flow, and to guarantee a turbulent flow 
pattern within the range of the bottom layer of the lower flow, which produces a 
remarkably effective result, as has been seen in practice. 

15 For a stationary device, it will be possible to obtain favourably a stable flow pattern 
for a given flow; on the other hand, a mobile device for use in open water with, e.g., 
beating waves, would produce more problems, in which case it would be advisable 
to fit the device according to the invention with adjustable first means, in order to, 
if necessary, repeatedly control the height of an overflow unit for the upper flow to 

20 be separated, in combination with adjustable second means for the control of the 
size of the aperture of the passage opening and/or passage gap close to the bottom 
of the tank. 

In an especially favourable embodiment, the device according to the invention is 
equipped in such a way that a perforated plate, of which the diameter of perforation 
25 e.g. increases in size in the down-stream flow direction, is mounted more or less 
horizontally in each upstream compartment of the tank to promote the maintenance 
of a laminar flow pattern immediately within the range of the separation layer 
between the upper and lower flow. 

In each case, according to the invention, it is possible to provide specially formed 
30 compartments, if a number of them are formed by an enlarged honeycomb-like 
structure provided v\nth means for adjusting the distance with respect to the bottom 
of the tank as well as of the height of the upper wall sections of the said 
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honeycomb-like structure, which function simultaneously as overflow units. In 
addition, the top side could for instance slope downwards, together with the total 
course of the liquid level difference that has to be maintained between the inflow 
side and the transfer side of the tank. 
5 Furthermore, according to the invention, it may be useful to promote the separation 
of the top material layer at the point of a baffle. Amongst other ways, this can be 
achieved by a baffle near the overflow unit provided with a curved upward-sloping 
edge sloping downwards in downstream direction at its back, to subsequently 
change into a vertical section again slightly bent to slope upwards in the 

1 0 downstream direction near the bottom of the tank, in order to obtain a venturi effect. 
In another preferable embodiment, a baffle is provided with a curved rising edge 
near the overflow unit which edge extends downwards as a vertical section, after 
which a section is bent through a sharp angle in the direction of the flow and is 
preferably provided with at least one passage opening, e.g.. comprising a number 

15 of round passage openings and/or at least one passage gap. 

Numerous tests with the device have shown that the controllability of its operation 
can be considerably improved if, taking into consideration the composition of the 
material flows to be separated, a number of further technical measures are taken. 
The fluctuations in the flow of the composite material flows being fed in can be 

20 controlled, and with it the device's efficiency, if the flow of the discharge of the 
separated lighter material flow is determined by positioning a movable first valve unit 
and the flow of the discharge of the cleaned material flow is determined by 
positioning a movable second valve unit. 

The positions of both valve units can now be simply controlled so that each movable 
25 valve unit is connected to a fixed transverse section of the tank, for example a baffle 
or rear wall, by means of a hinged joint. This is preferably formed by an oblong, 
flexible strip of material, especially one made of an elastomer (rubber), which is 
attached in such a way that it seals along one of its long sides to the fixed 
transverse section of the tank, while the other long side is attached so that it seals 
30 to a rigid strip-shaped valve unit. 

It has become apparent that it is advantageous if the movable seal along the height 
of the valve unit, between the side wall and the transverse section of the tank, is 
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formed by the hinged strip of the elastomer material that runs sideways over the 
total length of the valve unit to the side wall of the tank. In order to also promote the 
mobility of a valve unit with respect to the wall of the tank, while maintaining the 
intended sealing effect, it is desirable to interfit a strip of sealing elastomer material 
5 at the position of the side wall between the movable ends of a valve unit and that 
fixed side wall, along the height of the valve unit, the rigidity of which only extends 
to a certain distance away from that side wall. In an especially favourable 
embodiment of construction, the hinged seal of the valve unit is formed by one 
material strip of the elastomer material of which the height corresponds to that of the 
10 valve unit and of which the length corresponds with at least the length of the total 
length of the valve unit, plus the valve's clearance or free distance of travel from the 
top of the valve unit with respect to the hinged joint. 

Depending on the required setting for both of the valve units, means can be 
provided to adjust the position of the valve units separately with respect to each 
1 5 other. Another favourable embodiment arises if, once both valve units have been set 
in their common positions, they can be operated by means of one common 
coupling unit that is adjustable. 

In addition, it is an advantage if the adjustment of the coupling unit is attained by 
means of a float, whereas after the tank the cleaned second material component 
20 flows into an extra container, the level of which is then affected by the float and the 
position of a valve unit connected to it. 

When using the device according to the invention for material flows that contain 
material particles that can cause blockages in the narrow passage openings, the 
removal of the particles is facilitated by providing a baffle with a number of passage 
25 openings situated next to one another near the bottom passage gap, whereby each 
opening is formed out of the baffle's sheet material, namely by making a vertical cut 
and then bending the sheet outwards on both sides of the cut. along fold lines, over 
a certain distance, In the direction of flow^ in order to create a triangular self-cleaning 
passage opening. 

30 An excessively low temperature in the immediate vicinity of the overflow area of a 
baffle and/or a valve unit can also cause a blockage, as a result of the coagulation 
of the floating material components, amongst other things. This kind of blockage 
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can be removed if, e.g., the device according to the invention is provided with a 
heating element, in which case a sheet-form section of the tank or of a vaive unit is 
constructed with a double-wall and a heating element is fitted inside that double 
wall, such as a steam-heated element or an electric element. 
5 Other blockages may occur in the tank and in front of or close to the valve units or 
overflow baffles. In order to, avoid these blockages or accumulations of the floating 
material component, as much as possible means are provided that consist of a 
slowly rotating scraper unit, particularly a sweeping brush, which has the purpose 
of removing any undesired accumulation of larger particles in front of the valve unit, 
10 in the event of a floating layer in a compartment of the tank not having a uniform 
composition (e.g. different particle sizes), by stopping the accumulation of particles 
near the top side of a valve unit, which means are furthermore set up in such a way 
that the particles are not swept past or over the greatest height of the said valve 
unit 

15 

Some embodiments of the invention are explained below in more detail below by 
means of the drawing. 

Fig, 1 is a schematic diagram of a longitudinal section of an extremely simple 
20 construction of a separator according to the invention; 

Fig. 2 is a schematic diagram, likewise of a longitudinal section, of a cascade type 

of construction for a separator according to Fig. 1; 
Fig. 3 is a schematic diagram of a longitudinal section of an industrial oil separator 

according to the invention; 
25 Rg. 4 is a crosssectional view of a baffle having an altered construction; 

Rg. 5 is a schematic diagram of a perforated horizontally positioned baffle; 

Rg. 6 shows a large-scale cross-sectional view (mid-section lengthwise) of a device 

according to the invention which is shown in Fig. 7 in perspective on a 

reduced scale; 

30 Rg. 8 shows a large-scale cross-sectional view (mid-section lengthwise) of another 
device according to the invention with a sweeper device which is shown in 

Fig, 9 in a reduced perspective scale (like in Fig. 9A-9D relating to it); 
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Fig. 10 shows a detail of the side connection or seal between a valve unit and 
the side wail of the tank in a device according to the invention; 

Fig. 1 1 shows the bottom side of a baffle in which self-cleaning passage holes 
are provided; 

5 Fig. 12 Is a schematic diagram of a single-walled baffle on which a heating 
element with a flat construction is fitted. 

In various figures, the same reference numbers indicate identical components in 
different embodiments. 

10 Figure 1 is a cross-section of a canal-shaped tank which is open at the top, with 
external dimensions that can range from half a metre to several metres, e.g. when 
used for ships. The main flow direction V is indicated on the inflow side 2 of the tank 
1. There is a transfer wall 4 on the discharge side 3 of the tank 1 , The upper flow 
5 (oil or grease) and the separate lower flow 7, visible through a separation layer 6, 

15 flow from left to right in the tank 1 . Depending on the number of parameter values, 
e.g. the flow volume, nature and size of the product to be separated, the height, 
width and length of the tank 1 for separation of specific material flows, a baffle 8 is 
placed between the inflow side 2 and the discharge side 3. In this embodiment, the 
height of the baffle 8 is approximately at the liquid level of the separation layer 6, 

20 while on the bottom side 9 of the tank 1 , over its full width, a passage opening in 
the form of a passage gap 10 is left open. While it is desirable to maintain a laminar 
flow pattern in the upper part of the tank 1 for effective separation of the various 
material flows (oil or grease and water), it is intended to create a turbulent flow 
pattern in the lower part of the tank 1 at the passage gap 10, also having the 

25 purpose of promoting the stability of a thicker floating layer 11 in the collection 
chamber 12 behind the baffle 8. 

Furthermore, the arrows in the figure are used to provide an extremely systematic 
indication of the subsequent path of the upper flow 5 or the lower flow 7. The height 
of the transfer wall 4 is lower than the height of the baffle 8, in such a way that there 
30 is a constant difference in height 6h between the highest point H of the upper flow 
5 and the highest point L of the lower flow 7, so that this constantly maintained 
difference causes the (contaminated) upper flow 5 to be pushed over the overflow 



SUBSTITUTE SHEET 



wo 94/04464 



PCT/EP93/02289 



-8- 

13 of the baffle 8 into the collection chamber 12, where it is accumulated to form a 
thicker layer 14. 

Figure 1 shows a standpipe 15 that opens in the collection chamber 12 at such a 
level under the thicker layer 14 that the thicker layer 14 can be removed via the 

5 standpipe 15. The standpipe 15 can be closed at its bottom and then be emptied, 
e.g., by means of a suction connection to the suction side of a pump, or it can run 
into a collection chamber (for oil) underneath the tank 1 from where it can be 
pumped. The invention, however, does not relate to the removal of the upper flow 
5, so that relevant constmctional details are not further considered. In Figure 1 the 

10 standpipe 15 is mounted to a supporting baffle 16 and the turbulent lower flow in 
the collection chamber and behind the supporting baffle 16 ensures that the 
difference in level 6h is maintained on the one side and. on the other side, partly 
because of this, that the thickness of the upper layer 5 behind the transverse baffle 
8 increases on account of the laminar accumulation. 

15 The passage gap 10 in Figure 1 can sometimes cause blockages, depending on the 
further contamination of the liquid materials being treated and it has become 
apparent that, as an alternative, this passage gap 10 can be completely shut off. 
provided another sort of passage opening is provided near the bottom of the tank 
1 , for instance by means of a horizontal row of round or oval holes or perforations 

20 or a combination of these, with a number of passage gaps that do not extend 
across the full width of the tank. These may possibly be provided horizontally and/or 
vertically in a baffle. It has become apparent that this separation tank 1 operates 
extremely effective with various f lowvolumes in separating oil-containing waste water, 
in which case a difference in level of 10 mm was used. 

25 

In Figure 2, showing a larger tank, a second baffle 8' is shown and the difference 
in level 6h can be divided over a cascade or made even larger. Like the 
embodiment shown in Figure 1 , use can be made of means (not shown here) for 
controling the height of the overflow units (13 and 13', and means for controling the 
30 whole or part of the size of the passage openings 10 and 10\ whereby, in 
combination with other tank parameters, it becomes possible to obtain or maintain 
any required laminar or turbulent flow pattern, which will, of course, be highly 
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dependent on the composition of the material to be "purified". In the event of the 
tank 1 being installed on board of a ship, the speed of the flow will be linked to the 
vessel's speed and, consequently, more and different parameters will play a role that 
will affect the adjustment for the creation of a laminar or turbulent flow pattern 
5 through the tank 1 . 

Figure 3 shows a separator of which a tank 1 is provided with differently shaped 
baffles 17 and 18. A baffle has a largely vertical section 19 that is curved at one part 
20 to the left near the top side over an obtuse angle against the direction of the flow 
10 V. The end that the liquid flows against 21 is rounded off, which promotes the 
accumulation of the upper flow 5 that is being separated. In a downward direction 
the vertical section 19 changes into a curved end section 22 that promotes a venturi 
effect and consequently the creation of a turbulent flow pattern. 

15 Figure 4 shows another embodiment of a baffle. The end 21 that the liquid flows 
against can be the same as that of the baffle shown in Figure 3, however, it extends 
downwards as a vertical section 23, after which a section 24 is bent through a sharp 
angle in the direction of the flow and continues on to the lower end 25 which is 
again intended to create a venturi effect, 

20 

Figure 5 shows a perforated baffle in perspective which is intended to be highly 
effective to maintain the laminar flow pattern near the separation layer 6. As 
indicated, the pattern of the perforations 27 can consist of regular shapes, e.g., 
round or oval holes, teeth, rectangular slot perforations or, as in the drawing, 
25 triangular perforations, with the apex pointing against the direction of the flow V. The 
dotted line in Figure 5 shows the toothed construction 28. It has also become 
apparent that the latter perforations, which in shape diverge in size in the direction 
of the flow, can make a considerable contribution to the maintenance of the desired 
laminar flow pattern. 

30 On the basis of the possibilities indicated, an expert in fluid mechanics will certainly 
see that no technical restriction exists with regard to the application, the positioning, 
the number of perforations to be made and the form of the flow profiles for the 
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upper flow, or with regard to the perforated baffle, which together with the various 
forms of transverse baffles contribute to the further realization of the invention. 

In Figures 6 and 7, the material to be continuously separated, hereinafter referred 
5 to as oil or water respectively, is fed into the tank 31 as a common flow volume of 
oil with water that follows the main flow V, and the levels in the subsequent 
compartments of the tank 31 are in fact adjusted by the position of the valve unit 32 
for the oil discharge, or the valve unit 33 for the water discharge. The first baffle 34 
consists of a vertical sheet section, the lower end of which forms a passage gap 35 

10 with the bottom 36 of the tank, and the upper end has a curve 37 and a sheet 
section 38 that slopes away in the direction of the flow. This sheet section 38 has 
V-shaped notches 39 that promote a laminar flow. The second transverse baffle 40 
has a first bend 41 against the direction of the main flow V followed by a second 
bend 42 in the direction of the main flow V, and then a curve 43 which is followed 

15 by a steeper sloping sheet section 44. This sloping sheet section 44 also has V- 
shaped notches 45 which are likewise intended to promote a laminar flow pattern. 
The fixed baffles 34 and 40 in the tank 31 are seal-jointed to the side wall and the 
height of the curves 37 and 43 can be more or less equal. In Figure 6, the oil- 
collection chamber 46 is connected to an oil-discharge connection 47 and, on the 

20 inflow side of the collection chamber 46, there is a first hinged valve unit 32. The 
hinge consists of a strip 48 of elastomer rubber material that extends over the entire 
width of the tank and is clamped to the edge of the collection chamber 46 by means 
of a narrow metal strip 49. This metal strip 49 is fitted on both sides vA\h a sheet 
section 50 bent through 90°, which is fixed to the inside wall of the tank 31. The 

25 clamping or the fastening can be achieved using fastening elements, e.g., blind 
rivets, nuts and bolts, or the like, which are not fijrther described here. The valve 
unit 32, consisting of a rigid metal strip 51 with a folded edge 52, the clamped 
rubber strip 48 and a second metal strip 53, can be operated using two hinging 
lever arms 54 joined together by means of a connecting rod 55. Valve unit 33 is 

30 operated in a similar manner and has the same construction as described before for 
valve unit 32. The same parts are shown in the drawing with the same reference 
numbers provided with an apostrophe. Depending on the positions of the valves 32 
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and 33, as set beforehand by the operator, the lever arms 54 and 54' can then be 
joined by a pair of common adjusting rods 56 and 56* which are provided through 
passage apertures 57 and 57' on the top end of each of the lever arms 54 
respectively 54'. Close to these passage apertures, the adjusting rods are threaded 

5 so nuts (not shown here) can be used to fix the position of each lever arm 54 
respectively 54'. On the discharge side of the purified water, a float unit 58 is rigidly 
attached to valve unit 33 by means of a holder 59 and thereby controls the position, 
depending on the level in the extra compartment 60 fitted after the tank 31 » which 
is only shown schematically. 

10 With a continuous inflow of the material components to be separated, the required 
height differences between the oil layer and the water level have to be set by first 
adjusting the valve units 32 and 33. after which the common connection between 
the lever arms 54 and 54' can be fixed by means of the adjusting rods 56 and 56', 
so that the operating mechanism is operated continuously via the float 58. 

15 

In Figure 1 0 a detail is shown of the side wall 61 of the tank 31 , showing the seal- 
jointing to the ends of valve unit 32. The same applies to the seal-jointing of valve 
unit 33. The strip 48 of elastomer material extends sideways so far beyond the rigid 
strip 51 of valve unit 32 that the remainder allows sufficient distance of travel for 
20 valve unit 32 to be free to move in an upstream and downstream direction. The end 
of strip 48 is then fastened by means of a clamping strip 50 to the side wall, 
using.e.g. nuts and bolts (not shown on the drawing). 

Figures 8 and 9 show another embodiment for a tank 31' in which a baffle 34' is 
25 fitted that forms a passage opening 35' with the bottom 34' of the tank 31*. The 
collection chamber 46', the bottom of which inclines towards the middle, is ftjrther 
provided with a pipe connection 63 for discharge of the separated material 
component. Moreover, the front wall 64 of the collection chamber 46' is fitted with 
a valve unit 32' and the open rear side 65 has a bend 66, after which the end 67 of 
30 the sheet wall is bent through an angle in the direction of the main flow V and 
sen/es to transfer the heavier material component, water. The movable valve unit 33' 
is fitted to the baffle 68 and the attachment of the flexible hinged joint, formed by the 
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Strip 48, is the same as used in the embodiment shown in Figures 6. 7 and 10. 
The common adjustability of the position of both valve units 32' and 33' and their 
common connection, as well as the operation with the float unit 58', is likewise as 
in the embodiment described in Figures 6 and 7. The special form of embodiment 
5 of Figures 8 and 9 consists of a sweeper unit A fitted to the tank 31 which consists 
of a sweeper roller 69 and a motor 70, as well as a pinion 71 driving a gear wheel 
73 via a chain 72 on the shaft 74 to which the sweeper roller 69 fitted. 

If a flow of floating material containing particles of irregular sizes is provided, the 
10 particles concerned could result in blocking the continuous throughput over the 
folded edge of the sheet or the valve unit 32', however this is avoided by the use of 
the slowly rotating sweeper roller 69 which keeps the particles moving. The sweeper 
unit A is shown in more detail in the Fig. 9A-9D, The frame of the sweeper 
unit consists of side plates 75, which are attached to a cross bar 76, in which the 
15 shaft of the sweeper roller 69 is fitted, as well as the shaft of the motor 70. Holes for 
bolts are provided in the side plates. On both sides of the side wall of the tank 31 
there are bolt slots 77 which enable the sweeper unit A to be set up as required with 
respect to the baffle 34* by means of bolts 78. 

20 Figure 1 1 is a schematic diagram showing a self-cleaning passage opening D. A 
number of passage openings D is made in the baffle 34 which may possibly be 
combined with a passage gap 35. Each passage opening is formed out of the 
baffle's sheet material by making a cut 79 along a vertical line X and then bending 
the sheet outwards on both sides of the cut, along the fold lines Z, over the distance 

25 Y, in the direction of flow, in order to create a triangular self-cleaning passage 
opening. In the absence of a passage gap 35, this forms an opening split that 
converges from the centre to the sides near the bottom 36. while in the upward 
direction a passage opening is produced in the form of an isosceles triangle, 
indicated by D. The boundary of the total passage opening D lies behind the plane 

30 of the drawing. Together, the four parameters formed by the number of passage 
openings, the distances X and Y and the angle of bending along the lines Z, can 
produce a series of specific baffles for repeatedly purifying a series of particular 
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contaminants with, e.g., various particle sizes. 

Figure 12 illustrates by way of example how a baffle 80 can be fitted with a heating 
element 81, shown here schematically, in order to ensure that the surface tension 
5 at the average temperature of the material components flowing through does not 
form an obstacle to the continuous separation. E.g., coagulation of the material 
components could occur at an excessively low temperature and an accumulation 
of any such coagulated particles could impede the passage and consequently the 
cleaning process. 

10 It does not matter whether the heating element is integrated in or on the baffle 80, 
like, for example, the sheet-shaped heating element shown in Figure 12, or whether 
a hollow baffle for the installation of a heating element is used. In the case of a fixed 
baffle, a connection for an electric element or a steam-heated element can be 
provided for through the tank's side wall 82. A heating element's position and 

15 construction and/or its regulation are entirely dependent on the desired effect of the 
heating element. 
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• 14. 

To be inserted in the text on page 7, line 6 of the description: 
[element with a flat construction is] fitted; 

Fig. 13 is a schematic diagram of a similar device as shown in Fig. 6 in which 
5 there is another arrangement of the fixed baffles and the float adjusted valve- 

baffle. The water level is here shown in its lowest position; 
Fig. 14 shows a schematic diagram of the device of Fig. 13 wherein the water level 
is shown at its highest level. 

10 To be inserted in the text on page 13, line 17: 

Figures 13 and 14 both illustrate another upstream arrangement of a float 
adjusted valve 132 in a tank 131 whereas in a downstream direction a first fixed 
baffle 134 is positioned behind the float adjusted valve 132 and a second fixed 
baffle 140 is positioned furthermore in a downstream direction. Both figures 13 

1 5 and 1 4 clearly show that the top section 1 37 of baffle 1 34 and the top section 1 43 

of baffle 140 differ slightly in a horizontal plane, thereby enabling to collect the 
floating material from its supporting water layer. The float adjusted valve 132 is 
operated e.g. in a way as described for the device of fig. 6 and this makes the 
device suitable for fluctuating water/oil levels or the like. Apart from the 

20 demonstrated adaptability of the device with respect to actual fluctuating water/oil 

levels it is remarked that the invention could also be realized by lowering or 
raising the entire device and/or by partly rocking it around a chosen point of 
rotation to achieve the same operational advantages. In the latter event the 
adjustability of the float valve could als be adapted to the upward and downward 

25 movement of the device itself in order to establish an efficient coordination for the 

perfect operation of the device. 

Insert new claim 23: 

38849 Lemacon Techniek B.V. - 1st addition 
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Claims 

1. Method for the continuous separation of a floating layer of light material (upper 
flow) (5), such as oil or material particles saturated with oil and/or covered in oil, from 

5 a heavier liquid supporting layer (lower flow) (7), such as water, on which the floating 
layer (5) is situated, by making use of a difference in level ((5h), to be maintained 
between the inflow side (2), located at a higher level in a device for the separation, and 
the discharge side (3), located at a lower level on the said device, for the removal of 
the largely separated supporting material (lower flow) (7), and by making use of an 

10 overflow unit (13) for the material to be separated (upper flow) (5) into the collection 
chamber (12) for this purpose, whereby the top side of this overflow unit (13) extends 
no further below the common level of the liquids fed in than the more or less stable 
continuous thickness of the floating layer (upper flow) (5), which can be removed from 
the collection chamber (12) using means known per se, characterized in that, with 

15 regard to the attainment of the optimum separation of the material flows (upper and 

lower flows) (5, 7) in the flow range of both of the material flows fed in from the said 
inflow side (2) to the overflow imit (13), for example floating oil and water, it ensures 
that a mainly laminar flow pattern is maintained in one and the same through-going 
direction above and below the separation layer (6) (of the upper and lower flow) of the 

20 liquids, while, up to a considerable distance below the overflow unit (13), by means of 

a baffle (8) placed across the main flow, the flow pattern in the vertical direction (lower 
flow) is deflected upwards and downwards, parallel to the baffle (8), at a relatively low 
flow speed, whereby, in the downwards direction, a small to considerable part of the 
main flow of the supporting material (lower flow) (7) is allowed to flow away to the 

25 aforementioned discharge side (3) with a reduced liquid level, through at least one 

relatively narrow passage opening (10), e.g., in the form of a round or oval opening, or, 
e.g., a passage gap and, furthermore, an increasing thickness of the floating layer is 
maintained behind the overflow xmit (13), with a simultaneous choice between 
controlling the liquid flowing through the device, and/or the amount of the floating 

30 layer (14) removed from the collection chamber (12) per unit of time and/or the height 

of the overflow unit (13), and/or the size of the passage opening (10), in the form of 
a passage gap, e.g., in order to attain the optimum stable flow pattern. 
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2. The method according to claim 1, characterized in that the liquid flows are 
carried past two or more baffles (8, 8') with each of the associated overflow units (13) 
at different heights, all arranged in such a manner that the differences in liquid levels 
in front of and behind each division plate (8, 8') are each adjusted to obtain a stable 

5 flow pattern which gives rise to a cascade-overflow system. 

3. The method according to one of the foregoing claims, characterized in that the 
upper floating layer consists of light plastic-foam balls or similar material particles with 
a relatively large surface area which is adhered to and/or penetrated by the material to 

10 be separated. 

4. A device for separating one floating, lighter material component, from a second 
heavier material component, while using the method according to one of the foregoing 
claims, consisting of a passage reservoir through which the flowing liquid passes, which 

15 flowing liquid has an upper flow (5), in which the lighter material component (oil or 

particles with oD attached to them) is found, floating on the lower flow (7), and which 
passage reservoir consists of a channel-shaped tank (1) that is, e.g., open or closed on 
the top side and is fitted with a front wall (2) perpendicular to the flow, which is 
provided with an inlet, as well as a rear wall (3), likewise perpendicular to the flow, for 

20 the removal or transfer of the lower flow (7) and, furthermore, between the front and 

rear wall (2, 3), one or more baffles (8 8') are provided, whereby each baffle (8 8') that 
reaches the bottom (9) of the tank (1) is provided with at least one passage opening 
(10), e.g., comprising a number of roimd passage openings or, e.g., a passage slot 
extending across the tank (1), and also forms an overflow unit (13) for the layer to be 

25 separated (5), one and the other in such a way that the liquid level of the lower flow 

(7) in the reservoir compartment upstream, of a baffle (8 8'), differs considerably from 
the liquid level of the lower flow (7) in the reservoir compartment (12) downstream, 
of a baffle (8 8'). 

30 5. A device according to claim 3, characterized in that adjustable first means are 
provided, in order to, repeatedly control the height of an overflow unit for the upper 
flow to be separated, in combination with adjustable second means for the control of 
the size of the aperture of the passage opening and/or passage slot (10) close to the 
bottom (9) of the tank (1). 
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6. A device according to one of the foregoing claims 4-5, characterized in that a 
perforated sheet (26), of which e.g. the diameter of perforations e.g. increases in size 
in the downstream flow direction, is mounted more or less horizontally in each 
upstream compartment of the tank to promote the maintenance of a laminar flow 

5 pattern immediately within the range (reach) of the separation layer (6) between the 

upper and lower flow (5, 7). 

7. A device according to the foregoing claims 4-6, characterized in that a number 
of the tank's (1) compartments are formed by an enlarged honeycomb-like structure 

10 provided with means for adjusting the distance with respect to the bottom of the tank 
as well as of the height of the upper wall sections of the said honeycomb-like structure, 
which function simultaneously as overflow units (21). 

8. A device according to one of the foregoing claims 4-6, characterized in that a 
15 baffle (8) near the overflow unit (21) is provided with a curved upwardly sloping edge 

(21) that then slopes downwards at its the back (20), to subsequently change into a 
vertical section (19) that is again slightly bent (22) to slope upwards again in the 
downstream flow direction near the bottom (9) of the tank (1), in order to obtain a 
venturi effect. 

20 

9. A device according to one of the foregoing claims 4-6, characterized in that a 
baffle (8) is provided with a curved rising edge near the overflow unit (21) which edge 
extends downwards as a vertical section (23), after which a section (24) is bent through 
a sharp angle in the direction of the flow and is preferably provided with at least one 

25 passage opening (10), e.g., comprising a number of round passage openings and/or at 

least one passage slot. 

10. A device according to the foregoing claims 4-9, characterized in that, in the 
direction of the flow, below the level of the separation layer (6), the tank (1) is 

30 provided with a perforated baffle (26), provided with a number of perforations (27) to 

promote the laminar flow pattern in the upper part of the tank (1) for the separation 
of the upper flow (5), whereby those perforations in themselves are closed, in the form 
of, e.g., round, oval or rectangular slots, or they diverge in the direction of flow (V), 
e.g., toothing (28) or in the form of a triangle which is in itself closed, the apex of 
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which points against the direction of flow (V). 

11. A device for the continuous separation of one floating lighter material 
component from a second heavier material, as in, e.g., the separation of oil 

5 contamination from water, while using a method and device according to one or more 

of the foregoing claims, characterized in that the flow discharge of separated lighter 
material is determined by positioning one movable valve unit (32) and the flow 
discharge of the cleaned material is determined by positioning a movable second valve 
unit (33). 

10 

12, A device according to claim 11, characterized in that each movable valve unit 
(32, 33) is connected to a fixed transverse section of the tank (31), a baffle or rear wall 
respectively, by means of a hinged joint. 

15 13. A device according to claim 12, characterized in that the hinged joint is formed 

by an oblong, flexible strip (48) of material, particularly of an elastomer (rubber), which 
is sealingly (50) along one of its long sides to the fixed transverse section of the tank 
(31), while the other long side is sealingly to a stiff strip-shaped valve unit (51). 

20 14. A device according to claim 13, characterized in that the movable seal, along the 

height of the valve unit (32, 33), between the side wall and the transverse section of the 
tank, is formed by the hinged strip (48) of the elastomer material that runs sideways 
over the total length of the valve unit to the side wall of the tank (31). 

25 15. A device according to claim 14, characterized in that an extra strip of sealing 

elastomer material is interfitted at the position of the side wall between the movable 
ends of a valve unit and that fixed side wall, over the height of the valve unit, the 
rigidity of which only extends to some distance away from that side wall, 

30 16. A device according to claim 15, characterized in that the hinged seal of the valve 
unit (32, 33) to the transverse section of the tank (31) as well as the seal (50), between 
the side wall and the valve unit (32, 33), are formed by one strip (48) of the elastomer 
material with the same height as the valve unit (32, 33), which strip has a length that 
at least corresponds with the total length of the valve unit (32, 33), increased with the 
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valve's free distance of travel from the top of the valve unit (32, 33). 

17. A device according to one of the foregoing claims 11-16, characterized in that 
means (54, 57) are provided to adjust the position of both valve units (32, 33) 

5 separately and with respect to each other. 

18. A device according to claim 17, characterized in that once both valve units (32, 
33) have been adjusted in their relative positions they can be operated by means of one 
common adjustable coupling unit (56). 

10 

19. A device according to claim 18, characterized in that the adjustment of the 
coupling unit (56) is attained by means of a float (58), wheras after the tank (31) the 
cleaned second material component flows into an extra container (60), the level of 
which is then affected by the float (58) and the position of a valve unit (32, 33) 

15 connected to it. 

20. A device according to claim 11, characterized in that, for the removal of any 
blockages near the bottom (36) of the tank (31), a bafQe (34) is provided with a 
number of passage openings (D) located next to each other, whereby each opening is 

20 formed out of the baffle sheet material, i.e. by making a vertical cut X and then 
bending the sheet outwards on both sides of the cut, along the fold lines Z, over the 
distance Y, in the direction of flow, in order to create a triangular self-cleaning passage 
opening (D). 

25 21. A device according to claim 11, characterized in that a sheet-form section of the 

tank (31) or of a valve unit (32, 33) is constructed with either a double or a single wall, 
and a heating element, particularly a sheet-form heating element (71) is mounted upon 
the single wall or located inside the double walls respectively, particularly a steam- 
heated element or an electric heating element, 

30 

22. A device according to claim 11, characterized in that means (A) are provided in 
the form of a slowly rotating scraper imit, particularly a sweeping brush (69), which has 
the purpose of removing any undesired accumulation of larger particles in front of the 
valve unit (32'), in the event a floating layer in a compartment of the tank (31) does not 
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have a uniform composition, by stopping the accumulation of particles near the top side 
of a valve unit (32'), which means are furthermore mounted in such a way that these 
particles are not swept past or over the greatest height of the said valve unit. 
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23. A device for the continuous separation of one floating lighter material 
component from a second heavier material, as in e.g. the separation of oil 
contamination from water, while using a method and device according to claim 
1 1 , characterized in that at least one float adjusted movable valve (132) is located 
5 in an upstream flow direction in the device (131) whereas at least one fixed baffle 

(134) is positioned in a downstream flow direction of said float adjusted valve 
(132) and the top sections (137, 143) of adjacent fixed baffles (134. 140) being 
positioned at different heights, the first top section (134) being positioned slightly 
higher (6h) than the adjacent next top section (143) in a downward direction of 
10 flow. 
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C2 
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05-08-93 



DE 


C2 
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DE 


CI 
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A 
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FR 


Bl 
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AO 
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89 


GB 


B2 
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18 
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GR 


B 
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-06- 


92 


TT 


AO 
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IT 


A 
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-02- 


92 


LU 


A 
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14 


-06- 
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NL 


A 
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-09- 


89 


NO 


AO 
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A 
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89 


PT 


A 


04- 
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89 
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